The abundance of actinomycetes, filamentous fungi and yeasts in the marine epipsammon habitat and their spatial distribution were studied with conventional plating techniques in two marine beaches (Ustka and Czołpino, southern Baltic Sea) which are characterized by different anthropic pressure levels. Actinomycetes constituted the predominant group of studied microorganisms, while the least numerous were yeasts in the sand of both studied beaches. On both of the beaches researched in this study, the amounts of accumulated actinomycetales, fungi and yeasts were similar. When analyzing the distribution of the microflora along the horizontal beach profiles we found significant differences. In the sand collected along the profile perpendicular to the shoreline in Ustka and Czołpino beaches, the highest numbers of actinomycetes, filamentous fungi and yeasts were noted in the samples from the dune and the lowest in those from the subtidal zone and waterline. Generally, higher numbers of studied microorganisms were observed in the surface * Corresponding author e-mail: pperlinski@apsl.edu.pl than in the subsurface sand layer. The occurrence of actinomycetes, filamentous fungi and yeasts showed considerable seasonal variation.
INTRODUCTION
Beaches are present along all coasts, at all latitudes and throughout various climates worldwide. Marine beaches are regions of transition between the firm land and the sea, and as such, they are subject to significant influences from both ecosystems. These areas are exposed to strong variations in the rates of sun exposure, immersion and submersion, rainfall and concentration of nutrients (Vieira et al. 2001 , Schlacher et al. 2008 . Beaches usually receive large inputs of organic matter supplied by the seawater, phytobenthos assimilates, and products washed and leached out from the seaweed, animal faeces, the products of meio-and macrofauna, and remains of plants and animals (Koop & Griffiths 1982 , Brown & McLachlan 1990 , Jędrzejczak 1999 . Such large accumulations of organic matter in the soil of sandy beaches generate optimal conditions for the growth of a high population of organisms -mainly bacteria but also fungi, yeasts and actinomycetes -which can adapt to a constantly changing environment , Mudryk et al. 2001 , Malm et al. 2004 , Mudryk & Podgórska 2007 . These organisms live between the sand grains or on their surface and they are involved in food chain interactions (Zakaria et al. 2011) .
Fungi are ecologically important components of marine ecosystems as they are cosmopolitan and usually are isolated from the sand of marine, coastal beaches (Larrondo & Calvo 1989 , Gonzales et al. 2000 , Watanabe et al. 2003 These organisms, along with bacteria, play central roles in processes of remineralisation of nutrients and are intermediaries of energy flow from detritus to higher trophic levels in marine ecosystems (Hyde & Lee 1995 , Prasannari & Sridhar 2001 . Marine fungi are considered active microorganisms in the decomposition of organic compounds -mainly chitin, cellulose and hydrocarbon both in sand and seawater (Kohlmeyer & Kohlmeyer 1979 , Kirk & Gordon 1988 , MooreLandecker 1996 , Zakaria et al. 2011 ). According to Morrison-Gardiner (2002) , 800 -1000 taxa of marine fungi have been identified and classified as geofungi (a fungi from terrestrial origins that has adapted to life in marine environments). Marine fungi constitute mainly Ascomycota, Deutromycota, Basidiomycota and anamorhic fungi, which have been reported on a variety of detritus: decaying wood, leaves, seaweeds, seagrasses, and calcareous and chitinous substrates (Prasannari & Sridhar 2001 , Figuera & Barta 2007 , Gomes et al. 2008 . Most filamentous fungi isolated from marine ecosystems are opportunistic pathogens, especially in immunocompromised patients, including Acremonium sp., Aspergillus niger, Cladosporium sp., Fusarium sp., Penicillum sp., and also the pathogenic genus Microsporum which can cause deep mycoses in humans (Sarquis & de Oliveira 1996 , de Hoog et al. 2000 , Migahed 2003 , Salvo & Fabiano 2007 , Gomes et al. 2008 , Zakaria et al. 2011 . Pathogenic fungi, mainly the resistant spores of dermatophytes, can survive in a marine environment for 25 to 360 days (Anderson 1979 , Carillo-Munoz et al. 1990 ). Under specific conditions, beach sand can contain viable conidia and thus it can play a role in the transmission of the pathogens mentioned in infectious processes (Larrondo & Calvo 1989 , Vezzulli et al. 2008 . Some of these marine filamentous fungi are also parasites of algae and angiosperms (Kingham & Evans 1986) .
Actinomycetes are one dominant group of soil microbes that, together with other bacteria and fungi, constitute the bulk of these communities. Actinomycetes are gram positive, non-spore forming bacteria with high G+C content in their DNA (Deepika & Kannabiran 2010 , Ogunmwonyi et al. 2010 . The presence of actinomycetes, mainly of the genera Streptomyces, Nocardia and Nocardiform, has been detected in sediment and seawater in marine ecosystems (Sharma & Pant 2001 , Remya & Vijayakumar 2008 , Jiang et al. 2009 ). Actinomycetes play a major role in the recycling of organic matter and contribute significantly to the turnover of complex biopolymers, such as lignocellulose, hemicellulose, lignin, pectin, chitin, keratin, crude oil and hydrocarbons (Suzuki et al. 1994 , Sharma & Pant 2001 , Zaitlin et al. 2004 , Vijayakumur et al. 2007 , Reyma & Vijayakumur 2008 . Actinomycetes are a well-known, major source for production of antibiotics and are the strongest antagonists among microorganisms (Jensen et al. 2005 , Baltz 2008 , Vimal et al. 2009 ). The antibiotic substances they produce display antibacterial, anticancer, antifungal, antitumor, antiprotozoic and antiviral properties (Bredholt & Fjaervik 2008 , Suthindhiran & Kannabrian 2009 , Ogunmwonyi et al. 2010 .
Abundance and distribution of actinomycetes and fungi in marine beaches have been studied in many parts of the world (Papadakis et al. 1997 , Mendes et al. 1998 , Sato et al. 2005 , Vogel et al. 2007 , Gomes et al. 2008 , Vezzulli et al. 2008 , Zakaria et al. 2011 . However, only a few quantitative studies (Mudryk & Podgórska 2007 ) on marine actinomycetes, fungi and yeasts have been carried out on the beaches located around the Baltic Sea. Therefore, the objective of the present study was to determine the abundance and distribution of culturable actinomycetes, filamentous fungi and yeasts in samples of sand collected along horizontal and vertical profiles of two beaches on the southern coast of the Baltic Sea, which differed in the level of anthropic pressure.
MATERIALS AND METHODS

Study area
The study was carried out on two exposed sandy beaches (Ustka -54°35'N, 16°51'E, Czołpino -54°43'N, 17°14'E) on the southern coast of the Baltic Sea (Fig. 1 ). Both studied beaches, which are influenced by the conditions in the open sea, represent a dissipative beach type with longshore bars and troughs with a slope of 7° and widths of ca. 60 -70 m. In general, fine and medium-grained sand predominates on the studied beaches. The sand grain size is 350 to 700 μm (Kramarska et al. 2003) . The mean concentration of total organic matter in the sand of Ustka Beach -4.8 mg g -1 d.w. (dry weight) of sand -was twice as high as in the sand of Czołpino Beach (2.2 mg g -1 d.w. of sand) (Jocz 2010) . Both studied beaches, particularly in autumn and winter, are exposed to strong winds that generate high waves, which cause strong erosion onshore. As a result, the seashore along the studied beaches is heavily eroded (Zawadzka -Kahlau 1999) .
Both studied beaches differ in their levels of anthropic pressure. Ustka Beach with its surf zone is perfect for holidaymakers and has suitable areas for recreational activities. Tourists and local inhabitants intensively visit this beach and it is usually very crowded during the summer months. Moreover, the polluted Słupia River carries 15.5 m 3 s -1 of water into the sea, as well as 200 000 -300 000 m 3 y -1 of natural and anthropogenic sediments (Zawadzka 1996) . Gulls and other water birds are also a source of contamination at Ustka Beach. There are numerous swans breeding in the vicinity and several colonies of gulls along the studied beach. Their population seems to be growing rapidly in the town of Ustka.
Czołpino Beach is located in Słowiński National Park -a World Biosphere Reserve. The sandbars and moving dunes -unique in Europe -are characteristic features of the Park. Dunes moving with a speed of 5 -30 m per year are covered by "sand-loving" saltgrass species, such as Cakile maritima ssp. baltica, Honckenya peploides, Ammophila arenaria, Calammophila baltica, Corynephorus canescens, Elymus arenarius, Helichrysum arenarium and Linaria odora. As the beach near Czołpino is located in the National Park, people rarely visit this place and human pressure is relatively low there.
Sampling
Sand samples were collected from the two studied beaches in 2007 -2008 . Four sampling sites were located along a transect perpendicular to the shoreline (Fig. 1) . Site 1 was located under the seawater at a depth of about 1 m, approximately 1 -1.5 m from the waterline into the subtidal zone. Site 2 was situated at the waterline. Site 3 was located halfway up the beach, at about 30 m from the waterline, and site 4 was located in a sheltered place among the dunes.
Sand core samples, five per site, were taken seasonally with a hand-operated sampler (length -30 cm, inner diameter -15 cm). In the field, the sampled sand cores were divided horizontally into three sections: 0 -5 cm, 6 -10 cm, and 11 -15 cm, and placed in sterile glass jars which were put into containers with ice and transported to the laboratory. The time between sample collection and microbiological analyses did not usually exceed 2-3h.
Microbiological studies
In order to estimate the amounts of actinomycetes, filamentous fungi and yeasts, subsamples of 5.0 g from each section of each core were weighed aseptically and transferred into 45 cm 3 of sterile 8‰ artificial seawater. Samples were sonicated for 60 seconds over an ice bath (Bandelin Electronic Sonoplus 70W, 20 kHz) in order to desorb microorganisms normally stuck to sand grains. Subsequently, serial tenfold dilutions of the obtained supernatant were prepared with artificial sterile 8‰ seawater to reach final concentrations ranging from 10 -2 to 10 -6 . Those, in the amount of 0.2 cm 3 , were inoculated by the spread plate method on different media:
• Actinomycetes Isolation Agar (Difco) (actinomycetes);
• Czapek -Dox agar medium Agar (Biocorp) (filamentous fungi); • Sabouraud Dextrose Agar (Biocorp) (with chloramphenicol -500 mg dm -3 ) (yeasts).
Three plates from each tenfold dilution were incubated at 20°C, for 7 days for enumeration of yeasts, 14 days for filamentous fungi and 21 days for actinomycetes. After incubation the number of filamentous fungi, yeasts and actinomycetes was counted and the results were calculated as a colony forming unit (CFU) of the isolates per g -1 d.w. (dry weight) of sand. An additional sample of 10.0 g of sand was weighed and dried at 105°C for 24h in order to determine the d.w. of the sand. Multiple regression analysis was used to analyse correlations between studied parameters. Statistical analyses were performed using STATISTICA 8.0 (StatSoft).
RESULTS
Among three studied microorganisms inhabiting the sand of Ustka Beach and Czołpino Beach, actinomycetes were the predominant (44-57%) group of culturable organisms, while the least numerous (15-17%) were yeasts (Fig. 2) .
Data presented in figure 3 showed that although the studied beaches were characterized by different anthropic pressures, the average abundances of actinomycetales, filamentous fungi and yeasts were similar. Along the horizontal profile of both studied beaches, the highest numbers of actinomycetes, filamentous fungi and yeasts were noted on the dune. The lowest number of studied microorganisms was isolated from the sand collected in the subtidal zone and at waterline (Fig. 3) . Neither filamentous fungi nor yeasts were isolated from the sand collected in the subtidal zone of Ustka Beach; while at Czołpino Beach these microorganisms were not isolated from the sand collected either in the subtidal zone or at waterline. In both studied beaches actinomycetes, filamentous fungi and yeasts were more abundant in dry sand (dune, intertidal beach) than in wet sand (seawater, waterline) (Fig. 3) .
The groups of microorganisms studied were vertically stratified, and there were differences between surface and subsurface sand layers (Fig. 4) . The highest numbers of actinomycetes, filamentous fungi and yeasts were recorded at the depth of 0 -5 cm in both beaches. The exceptions were yeasts in the sand of Czołpino Beach, which were most numerous at the depth of 6 -10 cm. Generally, the lowest number of studied microorganisms was noted at the depth of 11 -15 cm in both studied beaches.
Considerable seasonal variation in the occurrence of actinomycetes, filamentous fungi and yeasts was observed in both studied beaches (Fig. 5) . In the sand of Ustka Beach, maximum density of actinomycetes was noted in spring; filamentous fungi were the most numerous in winter, and yeasts were most numerous in autumn. In the sand of Czołpino Beach, actinomycetes and yeasts were most numerous in summer and filamentous fungi in autumn. 
DISCUSSION
All analysed groups of microorganisms (actinomycetes, filamentous fungi and yeasts) were recorded in the sand of both studied beaches. These microorganisms accumulate in sandy sediments of marine beaches because those ecosystems are a very favourable environment for the development of benthos microflora, when attached to the sand grains as epipsammon. Beach sand as marine filter receives microbiological inputs from the seawater column through the filtering action during tidal cycles, and from washout from land during surface water runoff and from beach users (Brown & MacLachlan 1990 , Migahed 2003 , Vogel et al. 2007 ). Moreover, the nature of sand particles with their protected microhabitats (i.e. cracks, crevices, fissures, pores, depressions), large surface area for microbial colonisation, a high porosity resulting in an aerobic environment, a constant resupply of nutrients provided by the action of waves, and very efficient protection from the amplitude of physical and chemical factors, such as pH, salinity, oxygen and temperature generate optimal conditions for the enhanced survival and growth of epipsammon (Ghinsberg et al. 1994 , Papadakis et al. 1997 , Jensen et al. 2005 .
Many reports (Suzuki et al. 1994 , Lee 2006 , Seo & Lee 2006 , Mudryk & Podgórska 2007 , Reyma & Vijayakumur 2008 showed the presence of actinomycetes in beach sand, indicating their plasticity and adaptability to extremely varied environments (Ogunmwonyi et al. 2010 ). According to Giesheva et al. (1994) and Ouhdouch et al. (2001) , actinomycetes showed many different adaptive mechanisms including utilisation of different carbon sources occurring in the environment in minimum concentrations and the production of enzymes and antibiotics active against bacteria, yeasts and fungi. Actinomycetes constituted the predominant group of microorganisms in the sand of both studied beaches. The abundance of these microorganisms in the sand of Ustka Beach and Czołpino Beach varied from 20 to 421 CFU per g -1 d.w. of sand. A slightly higher number (597 CFU per g -1 d.w. of sand) of actinomycetes compared to that reported in the present research was recorded by Mudryk & Podgórska (2007) in the sand samples from a beach near Sopot (southern Baltic Sea). Considerably higher (15 -24 × 10 3 CFU per g -1 d.w. of sand) numbers of actinomycetes were recorded by Dunn & Baker (1984) in Hawaiian beaches. In the sand of both beaches yeasts constituted only a small percentage of the three groups of microorganisms studied. These data fully correspond with the results obtained by Rheinhaimer & Kulleman (1972) in an earlier study carried out on a Baltic beach near Kiel Fjord & Kiel Bight. According to Morais et al. (1996) , small numbers of yeasts occurring in the sea result from the fact that salinity, and especially its oscillations, is the most stressful environmental factor for those organisms.
In both studied beaches actinomycetes, filamentous fungi and yeasts were more abundant in dry than wet sand. This supports the results of earlier studies by Vieira et al. (2001) from three ocean beaches in Fortaleza, Ceará State (Brazil), Sato et al. (2005) from beaches on the South Coast of São Paulo (Brazil) and Vogel et al. (2007) from three recreational beaches in southern Florida (USA). Higher numbers of actinomycetes, filamentous fungi and yeasts in dry sand, which is not influenced by the tides, may indicate that the main source of these organisms is not the seawater, but inputs from soil, runoff and beach users (Papadakis et al. 1997 , Arvanitidou et al. 2002 . Lower abundance of the studied groups of microorganisms in wet sand probably results from a "washing effect" of the seawater that seems to play more of a dilution rather than contamination role (Sato et al. 2005 , Vogel et al. 2007 .
The zonation of microorganisms on sandy beaches is a well-known global phenomenon in marine ecosystems (McLachlan & Jaramillo 1995 , Mudryk et al. 2001 , Salvo & Fabiano 2007 . The results of the present study showed that along the horizontal profile of the beach the highest numbers of actinomycetes, filamentous fungi and yeasts were noted in the dune and the lowest in the sand collected from the subtidal zone and waterline in both studied beaches. Similarly, Olańczuk-Neyman & Jankowska (1998), Mudryk et al. (2001) and Mudryk & Podgórska (2007) recorded much higher numbers of heterotrophic microorganisms in the dune than in other parts of the beach. High abundance of microorganisms in the dune may result from the accumulation of considerable amounts of organic matter, mainly in the form of humic substances originating from decaying roots of grasses growing on the dune. As was shown by Burkowska & Donderski (2007) , humic substances may be utilized by microorganisms very intensively as a source of food and energy. Among microorganisms recorded in the sand of the dune, the highest number (507 CFU per 1 g -1 d.w. of sand) consisted of fungi in Ustka Beach. According to Mohankumar et al. (1988) , Koske & Genema (1996) , Beena et al. (2001) and Cordoba et al. (2001) , vesicular abuscular mycorrhize (VAM) organisms dominated among fungi in the dune sand. Their hyphae may bind sand grains into aggregates and bind the fine solid particles besides improving the plant growth by initiating root colonization in the mycorrhizal system. Aggregation of sand grains and colonization of VAM fungi with dune plants significantly stabilizes the sand dunes and appears to be intimately involved in primary succession in sand dunes (Koske & Gemma 1990) . Tadych & Blaszkowski (2000) found VAM fungi in the maritime dunes of Słowiński National Park. Low abundance of actinomycetes, filamentous fungi and yeasts recorded in the sand collected from the subtidal zone and waterline reflects their general preference for low salinity. These microorganisms of terrestrial origin are known to be particularly sensitive to stress such as salinity and in marine environments they must adapt to life in the presence of salts or die (Dunn & Baker 1984 , MorrisonGardiner 2002 .
Generally, on both studied beaches microorganisms were more numerous in the surface than in subsurface sand layers. Olańczuk-Neyman & Jankowska (1998) and Mudryk & Podgórska (2007) , in earlier studies carried out on beaches located on the southern coast of the Baltic Sea, also determined a clear decreasing trend in the number of microorganisms with the increasing depth. This distribution pattern results most probably from the fact that the concentrations of organic matter and oxygen generating optimal conditions for the development and growth of heterotrophic microorganisms, decrease with depth (Urban-Malinga & Opaliński 2001 , Mudryk & Podgórska 2007 . According to Vogel et al. (2007) , humans are also a significant source of microorganisms in the surface sand layer of marine beaches.
The occurrence of actinomycetes, filamentous fungi and yeasts in both studied beaches showed considerable seasonal variation although there was no clear trend. This finding supports earlier studies carried out at Ipanema Beach, Rio de Janeiro (Brazil) (Sarquis & de Oliveira 1996) , on two marine beaches in Greece (Papadakis et al. 1997) , twelve beaches of Lisbon and Vale do Tejo (Portugal) (Mendes et al. 1998) , five beaches on the South Coast of São Paulo (Brazil) (Sato et al. 2005) , and three bathing beaches in southern Florida (USA) (Vogel et al. 2007 ).
As a conclusion, it appears that sandy beaches, which are part of marine ecosystems, contain a variety of microflora such as actinomycetes, fungi and yeasts that contribute significantly to the ecological functioning of the ecosystem.
